Background: Age-related cataract is a leading cause of visual impairment, considered a global health burden, it is responsible for over 47% of blindness worldwide. Surgical intervention is usually the treatment of choice and phacoemulsification cataract surgery with implantation of an intraocular lens is the most common procedure, which may have several complications. Objectives: To determine the effects of phacoemulsification surgery on corneal endothelial cell density and corneal thickness in patients undergoing cataract surgery. Methods: The present study was conducted on patients diagnosed with immature senile cataract requiring surgical intervention from November 2013 to 2014 in Khatam al Anbia Hospital (a tertiary ophthalmology center). Physical examination included best-corrected visual acuity using the Snellen chart, refraction, slit-lamp bio-microscopy for anterior chamber evaluation, keratometry, Goldman tonometry, gonioscopy, and dilated indirect ophthalmoscopy, pachymetry, specular microscopy and biometry. Surgery was performed by similar method and technique in all patients. The change in the corneal endothelial cell count or density and central corneal thickness (CCT) number were compared preoperatively and one day, one week, one month, and three months post-operatively.
Introduction
Visual impairment (VI) is a global health burden associated with increased morbidity in different ethnic groups (1-3). Around the world, there are more than 190 million people suffering from visual impairment, 32 million of whom are blind (4) . Worldwide, age-related cataract is a leading cause of visual impairment, characterized by the hardening and clouding of the normally transparent crystalline lens, resulting in partial to complete visual loss (5, 6 ). The condition is responsible for over 47% of blindness worldwide (7) . As well as the direct consequence of blindness and visual impairment, the risk of bodily harm such as hip injury, increases for people with cataracts (8) .
There is a greater restriction to continued independent living leading to a reduction in the general quality of life in individuals with non-operated cataracts (9) . Although mild cataracts can be treated with a change in the prescribed glasses, age-related cataract progression has an unpredictable rate (10) . Moreover, lenticular changes associated with cataracts can be the cause of index myopia, and rapidly increasing refractive errors can lead to significant anisometropia. In these circumstances, refractive correction can be problematic and in the long term, best managed by surgical intervention (11) . The most common cataract procedure is phacoemulsification cataract surgery with the implantation of a posterior chamber (behind the iris), intraocular lens (IOL) within the capsular bag (12) , although there are other innovative procedures with higher costs and surgical duration, like femtosecond laser-assisted cataract surgery, which are not available in all centers (13) . Although phacoemulsification has fewer complications compared to previous types of cataract operations, it still carries important undesirable side effects, such as intraoperative complications [Vitreous loss (1.5%), Posterior capsular rupture (2.8%)] and post-operative complications [Posterior capsule opacification (5.8%), Retinal detachment (0.08%), Cystoid macular oedema (1%)] (14) . As another complication, phacoemulsification can lead to significant loss of endothelial cells, corneal thickness and corneal endothelial cell density during cataract surgery, resulting in prolonged corneal edema (15) (16) (17) . In severe cases, corneal decompensation may often occur associated with decreased vision necessitating subsequent corneal transplantation (18) . Considering the wide prevalence of cataract and cataract-related blindness in developing countries and, specifically, in Iran (19) , and with a rapidly aging population, this problem is predicted to multiply in future. The ethnic differences in ocular parameters have suggested that the surgical outcome of cataract surgery may be different in different ethnicities/races (20, 21) , while to the best of our knowledge, there are few studies in our country investigating the post-operative complications of cataract surgery (22) . Considering the increased cataract surgical rate in our country from about 2.5 times from 526 to 1,331 per million over five years (2000) (2001) (2002) (2003) (2004) (2005) (23) , it is necessary to determine the surgical outcome of cataract surgery in Iranian patients. Therefore, this study aimed to determine the post-operative complications of phacoemulsification in patients undergoing cataract surgery.
Material and Methods

Study design
The present study was designed as a clinical trial to determine the effects of phacoemulsification surgery on corneal endothelial cell density and corneal thickness in cataract patients. The study was prospectively conducted during a 12 month period from November 2013 to November 2014 in Khatam al Anbia Hospital (a tertiary ophthalmology centre), affiliated to the Mashhad University of Medical Sciences, Mashhad, Iran.
Participants
Patients who referred to Khatam al Anbia Hospital from November 2013 to November 2014 were selected as the study population. For assessment of patients' recruitment based on the inclusion and exclusion criteria, first, a detailed medical history was obtained and a thorough physical examination was done by a surgeon in an outpatient department to recruit subjects properly for the study. The examinations included a complete preoperative, bestcorrected visual acuity using the Snellen chart, refraction, slit-lamp bio-microscopy for anterior chamber evaluation, keratometry, Goldman tonometry, gonioscopy, and dilated indirect ophthalmoscopy for evaluation of fundus and the posterior segment, pachymetry (SonoMed 4000, Japan), specular microscopy (Tomey, EM-1000, Japan) and biometry (Optic, Mizar, Germany). Figure 1 shows the CONSORT diagram of the study.
Selection criteria
All the patients diagnosed with senile cataract having visual impairment requiring surgical intervention and willing to participate during the study period were potentially eligible for inclusion. Subjects with the following conditions were excluded: traumatic cataract, mature and hypermature cataract, nuclear sclerosing grade 4 cataract, pseudoexfoliation syndrome, conjunctival scarring, significant corneal opacity, glaucoma, ocular hypertension, uveitis, vitreoretinal pathology, previous intra-ocular surgery, intraoperative complications during cataract surgery, collagen vascular disease, any active ocular disease, high myopia, high hyperopia (axial length less than 15 mm) age younger than 40 years, preoperative endothelial cell count less than 1,000 cells per square millimetre, or preoperative anterior chamber depth less than 2.5 mm, dry-eye syndrome, iris neovascularization, or other abnormalities that could cause significant endothelial cell impairment independent of surgery.
Figure 1. CONSORAT diagram of the study
Interventions
A senior and experienced surgeon performed surgery for all patients at Khatam al Anbia Hospital in order to minimize bias. Preoperatively, the pupil was dilated with a cocktail of scopolamine 0.3%, tropicamide 1%, and phenylephrine 10%. All patients underwent local anaesthesia, administered by a standard retrobulbar injection of 4 mL lidocaine 2% or a technique in which a sponge is soaked with oxybuprocaine 2%, applied to the conjunctiva near the limbus, and left in place for 10 minutes before surgery. An oculopressure balloon was used on every patient to apply approximately 30 mmHg to the eye for about 10 minutes before surgery. All patients had a small incision of phacoemulsification with topical anaesthesia. The two-plane clear corneal main incision was created at 12 o'clock using a 2.75 mm metal keratome (slit knife 2.75 angled, Alcon Laboratories, Inc.). The single-plane side-port incisions were created at 9 o'clock and 3 o'clock with a 1.2 mm metal keratome (side-port knife, dual bevel, angled, Alcon Laboratories, Inc.). After the instillation of the ophthalmic viscosurgical device (OVD), sodium hyaluronate 1.0% (Healon) was injected into the anterior chamber to protect the endothelium, a continuous curvilinear capsulorhexis was created using a self-bent 27-gauge needle through a side-port incision. The intended diameter was 5.0 mm. The standard microflow needle with an inner tip diameter of 0.91 mm, decreasing to 0.51 mm, and an angulation of 30 degrees at the opening was used. Micro-coaxial phacoemulsification was performed with Storz Millennium phacoemulsification machine (Bausch & Lomb, Inc.). During the surgical procedures, the Phaco machine settings were identical for all patients with the same cataract density. The infusion bottle was set 1m high (at room temperature). The aspiration flow rate and the set vacuum level were 35 mL/min, and 400 or 600 mm Hg, respectively. We used a stop-and-chop technique for phacoemulsification. Through the nasal and temporal incisions, bimanual irrigation/aspiration (I/A) were performed for removal of the remaining cortex, followed by the polishing of the posterior capsule. A three-piece, 6-mm folding silicone/Prolene (Ethicon, Inc., Somerville, NJ) lens was then inserted into the capsular bag.
Outcomes
Two outcome measures were considered for the description and analysis of the change in the endothelial cell characteristics after surgery. The primary measured outcome was a change in corneal endothelial cell count or density (cells per square millimetre of the corneal surface). The central corneal thickness (CCT) measured in mm was the secondary outcome of measure.
Central Corneal Thickness (CCT)
The CCT was measured using pachymetry (SonoMed 4000, Japan), preoperatively and one day, one week, one month, and three months post-operatively. The pachymeter was pre-calibrated for all measurements. The CCT was measured with the patient seated upright. A hand-held probe was aligned on the central cornea as perpendicularly as possible. Ten readings were obtained and averaged. The same observer took all measurements.
Endothelial Cell Counts (ECC)
The ECC was measured using a non-contact specular microscope (Tomey, EM-1000, Japan) pre-and postoperatively (4 times as CCT). The central method was used for cell counting. Approximately 50 to 60 cells were counted manually from each photograph in the semiautomatic cell-density algorithm of the microscope. Three central fields were counted, and the average of these counts was used to represent endothelial cell density (ECD) at any point of time. Endothelial cell loss was evaluated as follows: Endothelial cell loss = (preoperative cell countpostoperative cell count/preoperative cell count) ×100. One examiner was masked as to which group the images belonged. At each visit, three photographs were taken of each eye.
Sample size
A total of 92 eyes of 85 patients (43 females and 42 males with mean age of 62.1±12.2 years) were studied. The following formula was used in determining the minimum required sample size with a power of 80% and a 5% level of significance, in which s stands for the variance of the target variable , d is the maximum acceptable error and a is the probability of error falling outside d (n=s 
Statistical methods
Data were analyzed by SPSS version 18 (SPSS Inc., Chicago, IL, USA). Data were presented as mean ± standard deviation (SD). Normal distribution of data was checked by Kolmogorov-Smirnov test. The 95% confidence intervals for the means of data were calculated, and the significance of differences between independent variable was assessed using independent-samples t-tests. Normally distributed continuous variables were compared using ttest. A Wilcoxon signed rank test was used in case of a non-parametric analysis. A two-sided p-value <0.05 was considered statistically significant.
Research ethics
All patients gave their written informed consent after being informed about the study design and objectives. The study protocol was approved by the Ethics Committee of Mashhad University of Medical Sciences (Ref. no.: 13543). Participation in the study was voluntarily and participants could leave the study whenever they wished to, without any alterations in their treatment process.
Results
A total of 92 eyes of 85 patients, 43 females and 42 male, with mean age of 62.1±12.2 were studied. Baseline preoperative characteristics of the studied patients are summarized in Table 1 . There was a statistically significant improvement in patients' visual acuity, measured in log MAR. Preoperatively, mean log MAR (log of the Minimum Angle of Resolution) was 1±0.5, increasing to 0.45±0.34 post-operatively (p=0.001). A non-parametric Wilcoxon Singed Rank Test with a p-value of 0.04, revealed a significant decrease in ECC from 2,791.15±99.86 to 2,472.87±472.14 accounting for an endothelial cell loss (ECL) value of 11.4%. Both the paired-samples t-test and the Wilcoxon singed Rank test showed a significant increase in central corneal thickness from 530.47±2.60 to a value of 540.91±36.07. Overall, eleven patients were diabetic, accounting for 12.9 % of the total. Diabetic patients had a statistically significant higher rate of endothelial cell loss after phacoemulsification (14.6% versus 8.7% respectively, p=0.002). Table 2 reflects the changes in primary and secondary outcomes of measure following phacoemulsification. 
Discussion
To the best of our knowledge, the present study is the second study to evaluate the effects of phacoemulsification on corneal endothelial cell count in an Iranian population. We identified several Western studies with comparable findings. We reported a value of 11.4% for mean endothelial cell loss after phacoemulsification, which is in the reported range of 4-17.5% in the literature (16, 17, (24) (25) (26) (27) (28) . The wide range of reported endothelial cell loss in different studies can be explained through various surgical techniques, different patient populations, and time points of ECC evaluation after surgery. Several intraoperative variables including the incision type, used OVD, type of IOL, composition of the irrigation solution, total phaco energy, and location of the active phacoemulsification have been proposed as a determinant of endothelial damage (29) (30) (31) . However, our reported ECL is relatively higher compared to most of the existing literature. This could be attributed to higher surgery time, lower quality of viscoelastic material and less accurate measurements. In addition, diabetic patients had higher rates of ECL in our study. Overall, it is well known that the ultrasound application during phacoemulsification can lead to endothelial cell damage in cataract surgery due to mechanical trauma from sonic waves and from thermal injury (32) . Central corneal thickness (CCT) was the secondary outcome of measure in this study. We found a mean CCT of 530.47±2.60 mm preoperatively, which increased to 540.91±36.07 on post-operation Day 1. The reflected 1.8% increase in CCT could be explained by corneal edema occurring as a result of damage to corneal endothelium, which is specifically observed in patients having higher ECL. This is compatible with the findings of Lundberg et al., who indicated a clinically significant postoperative corneal edema to be strongly associated with a clinically significant corneal endothelial cell loss (33) . Other investigators have reported a 2-10% increase in CCT in the immediate postop investigations, depending on the viscoelastic regimens (34) . In addition, postoperative corneal edema is Page 6621
influenced by many factors (35) including previous corneal pathology, the patient's age (36) , and a postoperative rise in intraocular pressure (37) . It is proposed that modifications of phacoemulsification techniques be considered in order to decrease postoperative corneal swelling, facilitating visual rehabilitation following surgery.
Another aspect of our findings yet to be discussed is about the contribution of diabetes mellitus to the degree of endothelial cell loss following cataract surgery. In our study, diabetic patients had a statistically significant higher rate of endothelial cell loss after phacoemulsification (14.6% versus 8.7%). A number of studies have also reported similar findings in which diabetes mellitus has been proposed as a possible risk factor for increased endothelial damage after cataract surgery (38) (39) (40) . Mathew et al. reported a 9.3% ECL in diabetics compared to a value of 7.7% in normal controls (39) . In another study conducted by Hugod, diabetic subjects were found to have a 6.4% ECL compared to 1.4% for non-diabetic subjects (38) . This might be explained through greater metabolic stress imposed on diabetic endothelium leading to less functional reserve compared to euglycemic cataract patients. The study subjects had a statistically significant higher postoperative average corneal cell area compared to a preoperative state (418.21±67.49 µm2 versus 396.55±155.82 µm2). The increase in corneal cell area could be perceived as possible compensatory mechanism in response to corneal endothelial cell loss. Overall, it is widely accepted that ECL occurs as an inevitable consequence of cataract surgery. However, precise patient and surgical technique selection could potentially improve the outcome of this widely practised surgical intervention (41) . This study adds further evidence to the role of diabetes mellitus as a risk factor responsible for increased ECL following phacoemulsification.
Conclusions
Phacoemulsification with the current method could result in significant corneal endothelial damage. This is particularly important in patients with a borderline reservoir of endothelial cell, such as diabetic patients, which highlights the necessity to refine the current surgical methods and instruments to minimize the endothelial damage.
The possible limitations of this study were the relatively small number of studied subjects, heterogeneous nature of the population regarding other coexisting medical conditions and unsuccessful follow-ups of the subjects. Nonetheless, our findings add further evidence to the literature regarding the role of diabetes mellitus as a risk factor responsible for increased ECL following phacoemulsification. The results of this study suggests that future randomized studies could determine the surgical outcome of phacoemulsification in a larger sample between patients with and without diabetes.
